Introduction
============

Digital health has made a wide range of technologies (eg, the use of computers, tablets, and mobile phones) readily available around the globe, and could contribute significantly to both improving the quality of health care for populations and enabling better health outcomes \[[@ref1]\]. In this viewpoint, the term digital health could be used synonymously with electronic health (eHealth) and mobile health (mHealth).

Although there is growing evidence of the benefits of digital health for strengthening health systems and improving health outcomes in developed countries, significant gaps remain in resource-constrained settings. Technological and socio-cultural disparities between different regions or provinces within the same country are prevalent. Rural areas, where the promise and need are highest, are particularly deprived.

Latin America is still recognized as the most unequal region in the world \[[@ref2]\]. According to the 2019 Global Multidimensional Poverty Index report by the United Nations Development Programme and the Oxford Poverty and Human Development Initiative, 39 million people in Latin America experience multidimensional poverty \[[@ref3]\]. Latin America is a region with particular local characteristics related to economy, employment, housing, education, cultural context, and health care \[[@ref4]\].

Information and communication technologies can help reduce those inequalities in Latin America, being essential tools to promote innovation and knowledge generation in societies, especially to disadvantaged groups and rural areas. Latin American countries must properly incorporate information and communication technologies to address the health needs of their population. In October 2019, the 57th Directing Council of the Pan American Health Organization (PAHO), through Resolution CD57/9, adopted the Plan of Action for Strengthening Information Systems for Health 2019-2023 \[[@ref5]\] to ensure better collection and management of data. This was done to inform decision-making, policy development, monitoring, and evaluation. This highlights the need for strengthening resource capacity for the proper implementation of health information systems, considering the context, needs, vulnerabilities, and priorities of countries \[[@ref5]\]. Objective 42.2 is related to improving human resource training in all aspects of health information systems, and is the \[[@ref5]\]:

> Number of countries and territories with ongoing professional training strategies or digital literacy programs for the use of new technologies.

Excepting the countries of the Americas that have made substantial progress in improving health information systems \[[@ref5]\], there are still many technological, organizational, and socio-cultural challenges in Latin America. These challenges include poor infrastructure, low Internet connectivity, inequalities in access to electricity, and adult illiteracy \[[@ref6]\]. This lack of efficient health innovation projects and programs has been recognized as one of the main challenges of the health sector in the region \[[@ref7]\]. On top of that, the World Health Organization (WHO) and the International Telecommunication Union identified the lack of qualified and experienced professionals in digital health as one of the main barriers for digital health application at the global level \[[@ref8]\]. In general, doctors are unevenly distributed across Latin American countries, and most health care professionals are concentrated in urban areas \[[@ref7]\].

Therefore, we need a skilled workforce not only to understand health care and information and communication technologies, but also to implement effective digital health systems that can achieve national, regional, and local goals. This is especially important when considering the socio-economic, socio-cultural, and organizational challenges involved. This viewpoint paper aims to present a selection of experiences in building resource capacity for digital health in Latin America to illustrate a series of challenges and opportunities for strengthening digital health training programs in resource-constrained environments.

The Need for Strengthening the Digital Health Workforce in Latin America
========================================================================

The need for training and building the capacity of health care professionals in digital health remains one of the most significant public health challenges in Latin America \[[@ref9]\]. Digital health training and research programs in this region are scarce \[[@ref10]\] and poorly documented. However, some remarkable initiatives and programs have been implemented in Latin America. For example, the PAHO has carried out essential actions regarding digital health in the region, which included not only capacity-building activities but also research. These activities included regional workshops on digital health, the development of knowledge networks and technical guidelines, the promotion of information sources on the internet, the establishment of digital health sustainability models, the support for the development of electronic health records, the promotion of standards on health data and related technologies that ensure exchange of information, the promotion of mobile devices to improve health, and the improvement in quality of care through telemedicine \[[@ref11]\].

Moreover, the PAHO has developed a series of virtual courses such as: "eHealth for Managers and Decision Makers," the "Virtual course on properly completing death certificates," and "Access and Use of Scientific Information on Health." All these courses are available through the Virtual Campus of Public Health. With those initiatives, thousands of health workers have already been trained throughout the region \[[@ref12]\].

Experiences for Building Capacity in Digital Health in Latin America
====================================================================

A proper health workforce trained in digital health will strengthen health systems and ensure adequate service delivery. There is growing evidence around the world of the value that well-trained personnel in digital health can offer to tackle global health challenges \[[@ref13]\], including evidence from Latin America \[[@ref14],[@ref15]\]. Latin American countries have carried out a wide range of digital health initiatives, including educational initiatives and training programs for digital health resource capacity building \[[@ref5],[@ref10],[@ref16]-[@ref19]\]. Despite the discontinuity of several projects and initiatives, many collaborative courses and research projects related to digital health have been developed between international institutions promoting North-to-South, South-to-North, and South-to-South collaborations \[[@ref5],[@ref10],[@ref20]-[@ref24]\].

The Informatics Training for Global Health (ITGH) program from the Fogarty International Center has played a significant role in expanding the informatics workforce based on the health and informatics needs of countries. Over the years, the ITGH has supported informatics research training in low- and middle-income country institutions in partnership with US institutions and investigators and has funded several collaborative research and training programs in Latin America \[[@ref10],[@ref13],[@ref15]\]. 

The American Medical Informatics Association (AMIA)'s Global Partnership Program (GPP), funded by the Bill and Melinda Gates Foundation, aims to develop project-centric approaches to training in developing countries to expand local resource capacities and to promote collaboration \[[@ref25]\]. As part of the meetings conducted with AMIA GPP committee members, several Latin American experts on digital health actively participated and contributed to the discussions and activities \[[@ref26]\].

There is also "Regional Protocols for the Formulation of Public Telehealth Policies for Latin America," funded by the Inter-American Development Bank, which involved 16 Latin American countries and identified that the training of professionals in telehealth was a priority for its development in the region \[[@ref16]\]. To contribute to the development of telehealth in the region an international telehealth training course (via long-distance education) was conducted with the participation of Latin American universities, the PAHO, and the United Nations Economic Commission for Latin America and the Caribbean, \[[@ref16]\].

It is essential to highlight that Brazil once hosted the oldest resident informaticist program in Latin America, at the Hospital das Clínicas da Faculdade de Medicina da Universidade de São Paulo, from 1988-1997 \[[@ref27]\]. The clinical pathology service had a 2-year clinical informatics residency mainly focused on hospital software project management, the design of electronic health records, and epidemiological information technologies \[[@ref27]\]. Brazil also launched electronic learning programs for the National Telehealth Program and in partnership with the Open University of the Unified Health System \[[@ref10]\], and they also promoted the development of nursing education programs with nursing informatics topics \[[@ref10]\].

It is also important to point out that the Department of Health Informatics at Hospital Italiano de Buenos Aires, in Argentina, created in 2001, developed a 4-year residency program that has been accredited by national authorities as a "bridge" between health care and information technology \[[@ref10]\]. The curriculum includes two years in internal medicine, computer science, health care information systems, electronic health records management, epidemiology, knowledge-based databases for clinical terminology and standards, biostatistics, and decision-making theory \[[@ref10]\]. Likewise, the Hospital Italiano de Buenos Aires developed courses for digital literacy oriented towards information retrieval and other similar disciplines. A Spanish version of the AMIA's 10×10 initiative was developed in collaboration with Oregon Health and Science University's Department of Medical Informatics and Clinical Epidemiology \[[@ref10]\].

Training programs on digital health in Latin America should consider the results from a survey conducted in 2011 by Blas et al from the Andean Global Health Informatics Research and Training Center \[[@ref21]\], which surveyed 142 experts from 11 countries regarding the need for health informatics training. The top-ranked courses were: "Introduction to Biomedical Informatics," "Data Representation and Databases," "Mobile Health," and "Security, Confidentiality, and Privacy." The research topics reported as a priority were: evaluation of health information systems, policy in health informatics, interoperability and standards, evidence-based decision making in informatics, rural telemedicine, mobile health, electronic health records, sequence analysis and gene finding, tele-education, and the analysis of cost-effectiveness in biomedical informatics \[[@ref21]\].

Challenges and Opportunities for Strengthening Training Programs and Initiatives in Latin America
=================================================================================================

Overview
--------

A remarkable 2003 review paper by Rodrigues, published at the Journal of Medical Internet Research \[[@ref28]\], and entitled "eHealth in Latin America and the Caribbean: Development and Policy Issues," described trends and issues regarding the deployment of electronic health solutions in Latin America and the Caribbean. Since people are central to the value-added creation of digital health services, skilled and committed human resources were identified as an essential component for the deployment of the digital health ecosystem in Latin America \[[@ref28]\]. Therefore, Latin American countries should invest in digital health training programs to overcome main health care challenges. Rodrigues proposed that systems professionals, technology products, services providers, and project teams must have superior skill levels and experience. He also proposed that efficient and robust government and academic institutions should be committed to investing in education, scientific and technological development, and public services \[[@ref28]\]. Some of the critical things that Latin American governments should focus on developing and implementing include developing a national vision, mission, and plan of action for the public and private sectors, and the promotion of education, training, and national planning capacity in information systems and technology \[[@ref28]\].

Latin America faces several challenges regarding digital health. For example, telehealth has not yet been scaled up broadly at the national and regional level due to organizational, physical, and technological challenges in Latin America \[[@ref29]\]. Moreover, the cultural context and core cultural values in the health care process play a significant role and could have important implications for digital health adoption \[[@ref29]\]. Data sharing among health professionals also remains a limitation due to the restricted use of technology for communication, training, and decision-making \[[@ref30]\].

Some risks for training programs on digital health might include lack of clarity about the scope of the training program and the responsibilities, insufficient capacity to carry out the program and develop an appropriate curriculum, inability to retain skilled staff, participation of experts with very little or no knowledge of the local needs and socio-cultural issues, dependency on external support, and insufficient planning for sustainability \[[@ref31]\]. One of the key points to address those risks effectively is to establish cooperative partnerships that need to be addressed and planned \[[@ref32],[@ref33]\].

In 2008, the Rockefeller Foundation launched a month-long conference series called "Making the eHealth Connection: Global Partnerships, Local Solutions," held at the Rockefeller Foundation Bellagio Center in Italy. It hosted 200 global experts on digital health from 34 countries, including Latin American researchers and experts \[[@ref34]\]. The report from the conference series entitled "From Silos to Systems" \[[@ref35]\] presented a chapter on "eHealth Capacity Building," which defined a vision with three objectives: (1) create an international network of eHealth informatics practice, education, training, policy, and research; (2) educate government leaders about the importance of eHealth capacity and informatics to help develop national health goals, economic goals, and to cultivate and sustain support for eHealth resource capacity growth and informatics activities; and (3) develop a blueprint for initiating and executing activities in resource-poor countries to rapidly create eHealth initiatives.

The mHealth Alliance was seeded at the conference and has promoted summits, technical working groups, and other informal networking activities to strengthen links among Latin American researchers and global digital health stakeholders \[[@ref36]\]. In this sense, there are tremendous opportunities to boost the promotion of research and training through networking between countries in Latin America and beyond.  Some experiences of collaborative initiatives in Latin America that could be fostered and even applied to other countries are described below.

The AMAUTA Program and the QUIPU Network
----------------------------------------

In 1999, the AMAUTA Global Training in Health Informatics program was developed to train Peruvian health care professionals in the application of informatics to health \[[@ref37]\]. This collaborative program was an institutional partnership that involved Universidad Peruana Cayetano Heredia, Universidad Nacional Mayor de San Marcos, and the University of Washington, Seattle, Washington, with the support of the Fogarty International Center and the National Institutes of Health. The AMAUTA program achieved considerable success in the development and institution of informatics research and training programs in Peru \[[@ref37]\]. Courses and projects supported by the AMAUTA program led to the development of sustainable training opportunities for biomedical informatics in Peru \[[@ref38]\] and contributed to their development in other low- and middle-income countries.

This program later expanded to other Latin American countries through the QUIPU Center, which worked to promote South-to-South collaborations \[[@ref37]\]. As part of The Andean Global Health Informatics Research and Training Center, the QUIPU network was created in 2010. The objectives of QUIPU were to: (1) develop and implement short- and long-term training opportunities in biomedical informatics for global health in the Andean region; (2) engage new researchers in the Andean region to research health informatics and bioinformatics; and (3) expand and consolidate a research network in the Andean region, promoting South-to-South collaboration and collaborative initiatives with United States--based universities and institutions \[[@ref39]\]. This Center has developed several face-to-face and virtual courses \[[@ref39]\] and has supported the establishment of a diploma and a Master's program on Biomedical Informatics \[[@ref40]\], the first of such training programs in Peru.

Federation of Health Informatics for Latin America and the Caribbean
--------------------------------------------------------------------

The International Medical Informatics Association (IMIA) has a Federation of Health Informatics for Latin America and the Caribbean called IMIA-LAC. As of January 2018, 12 medical informatics societies were members of the Federation \[[@ref41]\]. The regional activities of IMIA-LAC have been scarce, but it is desirable to strengthen regional ties with close links to universities and societies at the international level \[[@ref42]\].

The Central American Health Informatics Network
-----------------------------------------------

The Central American Health Informatics Network (RECAINSA), established in 2013, is a network of volunteers working in technology-related public and private health services \[[@ref43]\]. One of its objectives is to support national digital health strategies, including generating networking spaces for the exchange of experiences and best practices. Another objective of RECAINSA is to strengthen digital health governance through legal and strategic frameworks through the participation of key stakeholders within the health sector \[[@ref43]\]. RECAINSA also promotes the strengthening of human resources in universities, certified training centers, and other specialized organizations \[[@ref43]\].

The Latin American and Caribbean Network for Strengthening Health Information Systems
-------------------------------------------------------------------------------------

The Latin American and Caribbean Network for Strengthening Health Information Systems (RELACSIS), established in 2010 \[[@ref44]\], is a community of best practices to improve data quality. It is made up of members from over 25 countries, comprising both health information users and managers \[[@ref11]\]. RELACSIS promotes the strengthening of information systems for health through face-to-face and virtual courses (eg, ICD coding, complete death certificates), discussion forums, working groups, webinars, software solutions, and other low-cost tools. In this context, PAHO has organized several virtual seminars with experts to learn about the current status of electronic health records in the region \[[@ref11]\].

Ibero-American Network of Mobile Technology and Health
------------------------------------------------------

The Ibero-American Network of Mobile Technology and Health (CYTED-RITMOS) is an international network led by the Open University of Catalonia and composed of 17 research groups from six countries (Argentina, Bolivia, Chile, Colombia, Ecuador, and Spain), the PAHO/WHO, Doctors Without Borders, Telefónica, the Mobile World Capital Barcelona Foundation, and the University of Michigan. This network aims to promote research and development of mHealth in Latin America \[[@ref45]\]. In October 2015, the International RITMOS Workshop took place in Barcelona, intending to determine the priority areas of Latin America in which research, development, and innovation projects in mHealth could be developed \[[@ref45]\].

Others
------

Several other international organizations are involved with a vast number of professionals who work on digital health projects and services in Latin America. Health Level Seven Latin America (HL7 LATAM) is a regional coordinating body that promotes the use of interoperability standards in Latin America to improve health care institutions in the region \[[@ref46]\]. The current activities of HL7 LATAM are available through their website and on their social networks (HL7 LATAM). Healthcare Information and Management Systems Society (HIMSS) Latin America is an international organization focused on promoting initiatives and events on leadership, community building, and professional development \[[@ref47]\]. Their main initiatives are holding conferences in Costa Rica, Brazil, and Chile, and supporting Latin American countries through the digital transformation of their health services \[[@ref47]\].

There are also collaborative partnerships, such as the e-Government Cooperation Center (eGCC) (launched as a cooperative project between Korea and partner countries, such as Peru), which has supported digital health resource capacity building, the exchange of information technologies, and joint research projects. The Ministry of Interior and Safety and The National Information Society Agency of the Republic of Korea have worked together to provide support to international countries in e-Government related areas, such as smart cities and telemedicine \[[@ref48]\].

Finally, the World Health Organization has established a new roster of experts in various areas related to digital health, which shows promise for boosting collaboration between experts from Latin America and abroad. Its goal is to share expertise and lessons learned regarding the development, implementation, and evaluation of capacity-building programs for digital health \[[@ref49]\].

Final Remarks
=============

Training programs on digital health in Latin America should incorporate the local context, consider the local needs, and be sensitive to the local economic, social, cultural, and organizational factors. There is a need to develop innovative intercultural and multilingual educational tools and solutions according to the health needs of populations, especially in underserved areas.

Given the limited resources in the Latin American region, the creation and strengthening of the existing networks of public and private institutions with academic centers who have experience in digital health training and research should be promoted. They should also seek to work in close collaboration with local, regional, and national governments. Partnerships with developed institutions as part of a well-planned strategy have shown encouraging results. It is essential to point out that each partnership is unique, and each program has to ensure that the curriculum is relevant to address local needs and country priorities.

Training programs should promote and encourage international exposure and internships or clerkships in excellent digital health centers around the world. Potential outcomes of those experiences could be research projects conducted in a wide variety of topics, such as electronic medical records, telemedicine, mobile health, artificial intelligence, the internet of things, simulation and virtual reality, augmented reality, big data, digital repositories, smart cities, ethical challenges, and socio-technical and cultural issues, including resistance to change. Additionally, at the end of the programs or electives, a publication could be established as a deliverable that could be later submitted to peer-reviewed journals \[[@ref50]\]. Writing in English could be a challenge for Latin American researchers, but publishing helps one's chances of getting future funding and helps build new multidisciplinary collaborations \[[@ref50]\].

International and national funding agencies could play a key role in supporting interoperable, scalable projects at Latin American academic and research institutions. An important message to spread is that policymakers, funding agencies, and donors should stop funding isolated or stand-alone projects and initiatives. Skill development should be viewed as a continuous process discussed among stakeholders, including the Ministry of Health, academia, and private institutions \[[@ref51],[@ref52]\].

e-Learning programs could help communication, provide knowledge acquisition for large numbers of trainees, and allow access to up-to-date knowledge to any person \[[@ref10]\]. It could be an excellent resource for people with disabilities or those who are in remote or rural areas. Health care hackathons have also been reported as a reliable source of solutions to health care challenges, boosting the process of "co-creation" \[[@ref53]\], and should be organized and evaluated in Latin American countries. Future studies of educational programs on digital health in the region could add valuable insights about training needs at different levels (decision-makers, digital health implementers, and users), the profile of trainees (including leadership skills), and highlight the urgent need for monitoring, evaluating, and publishing the lessons learned of those experiences.

Evidence from developing countries has shown the benefits of digital tools for strengthening health systems and improving decision-making by providing access to digital health training content, better support with health professional networks, and better case detection using disease surveillance systems \[[@ref30]\], even in real-time \[[@ref54]\]. Capacity-building programs should be viewed as a complex intervention and need proper funding, a network of colleagues, a clear career path, a multidisciplinary team, financial incentives, and a political commitment to support it and sustain \[[@ref55],[@ref56]\]. Evaluation could be difficult, and they should consider context and how long after the program is initiated should the evaluation be started \[[@ref55],[@ref56]\].

One of the biggest challenges is to ensure the sustainability and continuity of digital health initiatives, which should be documented with proper scientific evidence to raise awareness among decision-makers \[[@ref30]\]. As Long et al pointed out \[[@ref30]\]:

> Large-scale or nationwide coverage of digital health interventions to support health workforce development is still rarely reported in the literature.

We would like to see more academic projects that become national digital health programs, such as Wawared in Peru \[[@ref57]-[@ref61]\].

Finally, Long et al proposed key areas of digital health research \[[@ref30]\] for low- and middle-income countries, such as: (1) the value of scaling up digital health approaches to human resources for health management and support; (2) better evidence on the return of investment of digital health; (3) the effect of current donor and government procurement policies on scale-up of digital health technologies for health workforce development; and (4) the role of the private sector and philanthropists in digital health.

We hope to inspire and encourage Latin American decision-makers, innovators, and researchers to build together on the work already done through digital health solutions (eg, artificial intelligence, big data analytics) and find innovative ways for public and private partnerships to improve health workforce capacity. We also want them to focus on accelerating the pace at which they can further improve the health of populations.
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